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1358 The Journal of Thoracic and CardObjective: Primary heart tumors in childhood are rare and mostly benign. Surgical
treatment is advocated when symptoms or hemodynamic impairment is present.
Materials and Methods: Between 1986 and 2003, 8 children (3 males and 5
females, age ranging 5 days to 6.7 years, median 78 days) with a clinical
diagnosis of cardiac mass were treated with surgery. Diagnosis was made by
prenatal echocardiography in 3 patients and by 2-dimensional Doppler echocar-
diography in 5 patients.
Results: Complete surgical excision of the cardiac mass was feasible in all but 1
patient who underwent orthotopic heart transplantation. Surgical pathology exam-
ination revealed myxoma in 2 patients, fibroma in 2 patients, rhabdomyoma in 2
patients (multiple in 1), hamartoma in 1 patient, and teratoma in 1 patient. One
patient died of cerebral malignancy 38 months after cardiac transplantation. At a
mean follow-up of 69.2 months (range 3-190 months), all the remaining patients are
asymptomatic, with good ventricular function on 2-dimensional echocardiography
and no signs of residual or recurrent tumor.
Conclusion: Surgical excision of obstructive cardiac tumors in childhood is safely
feasible. Heart transplantation may represent the only therapeutic option when the
tumor extensively invades the ventricular walls. Although 2-dimensional echocar-
diography remains a reliable diagnostic tool, a definite diagnosis of tumor histotype
requires a thorough histopathologic characterization.
Primary heart tumors are uncommon in patients of pediatric age,1 with areported incidence of 0.2% in children referred for cardiac disease,2 whereasonly 14.2% of all cardiac tumors occur in patients aged less than 16 years.3
Although cardiac myxoma is by far the most common primary heart tumor in
adults,4,5 rhabdomyoma is the most frequently encountered heart tumor in infancy
and childhood.2,6-11 We report on our experience with surgical treatment of primary
cardiac tumors in infancy and childhood.
Material and Methods
Between 1986 and 2003, 8 children were treated with surgery because of an echocardio-
graphic diagnosis of cardiac tumor.
Follow-up data were obtained from clinical visits or collected from their referring physicians.
Demographic, clinical, and diagnostic data are summarized in Table 1. The median age at
operation was 78 days, ranging from 5 days to 6.7 years; 6 of 8 patients (75%) were younger
than 5 months.
All resected masses were sent for gross examination and histologic characterization.
Specimens were fixed in formalin, routinely processed for light microscopy, and stained with
hematoxylin-eosin, Alcian periodic-acid Schiff, Azan trichrome, and elastic Weigert van
Gieson. Immunohistochemistry with a large panel of monoclonal and polyclonal antibodies
was performed in selected cases.
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Clinical presentation was congestive heart failure in patients
2, 4, and 7, multiple cerebral strokes in patient 1, and
paroxysmal supraventricular tachycardia in patient 3. The
remaining 3 patients were mildly symptomatic, and diagno-
sis was achieved because of loud systolic murmur in pa-
tients 5 and 8 and prenatal 2-dimensional echocardiography
as a second level screening at week 33 of gestation in
patient 6.
Prenatal 2-dimensional echocardiographic diagnosis of
cardiac mass was achieved in 3 patients (patients 2, 3, and
6) and then confirmed postnatally. In the 5 remaining pa-
tients, the cardiac mass was discovered postnatally as part of
the diagnostic investigation by 2-dimensional echocardiog-
raphy with Doppler examination.
All patients but 1 (patient 3, who presented with parox-
ysmal supraventricular tachycardia) were in sinus rhythm at
preoperative electrocardiogram.
Chest x-ray film showed cardiomegaly in 5 patients, with
a mean cardiothoracic ratio of 0.64 and signs of pulmonary
congestion in 3 patients. Additional cardiac imaging tech-
niques were used in patients 2 and 4 (computed tomography
scan and magnetic resonance imaging, respectively) to clar-
ify the extension of the mass and myocardial wall involve-
ment. Preoperative surgical myocardial biopsy was per-
formed in patient 4, and intraoperative surgical pathology
examination of the cardiac mass was performed in patient 8.
Surgical intervention consisted of excision of the cardiac
TABLE 1. Clinical and surgical data
Patient
no. Sex Age
Weight
(kg)
Presenting
symptoms/
signs
Fetal
2D-echo ECG
C/T
index Site
1 M 6.7 y 25.3 Cerebral
stroke
N SR 0.6 LA
2 F 42 d 2.9 CHF Y SR 0.56 LV
3 M 5 d 3.0 Arrhythmia Y PSVT 0.73 RA
4 F 127 d 5.7 CHF N SR 0.52 RV
5 M 114 d 6.1 Loud
systolic
murmur
N SR 0.5 RVOT
6 F 12 d 2.6 Pericardial
effusion
Y SR 0.73 Extra-
cardiac
7 F 2.7 y 9.9 CHF N SR 0.6 LA
8 F 6 d 3.4 Loud
systolic
murmur
N SR 0.53 RV
ACC, Aortic crossclamping; CHF, congestive heart failure; CPB, cardiopulm
ECG, electrocardiogram; F, female; HTX, heart transplantation; ICU, inten
supraventricular tachycardia; RA, right atrium; RV, right ventricle; RVOT, rmass in 7 patients, and orthotopic heart transplantation was
The Journal of Thoracicperformed in 1 patient (patient 2). Cardiopulmonary bypass
was used in all but patient 6 (Table 1). Main gross and
histopathologic features are reported in Table 2.
A sessile myxoma of the left atrium was excised in 2
patients: in patient 1, it was in the posterior wall between the
interatrial septum and the right superior pulmonary vein
orifice; in patient 7 it was between the mitral valve annulus
and the right inferior pulmonary vein orifice. Gross exam-
ination revealed a gelatinous, villous neoformation in both
patients; histologic examination showed an abundant acid-
mucopolysaccharide–rich matrix with polygonal, stellate
cells with scant eosinophilic cytoplasm scattered through-
out. Tumor cells were mostly single, isolated cells without
forming vascular or pseudoglandular structures.
Two patients had ventricular fibroma. Patient 4 under-
went extended demolition of the right ventricular (RV)
free wall to excise a huge fibroma and required RV
free-wall reconstruction with a patch. A surgical biopsy
was performed first to clarify diagnosis, and it showed
abundant proliferation of fibroblasts with collagen depo-
sition, in keeping with cardiac fibroma. Diagnosis was
confirmed subsequently by histologic examination of the
resected mass. Surgical resection of the mass was not
feasible in patient 2, who presented with a huge fibroma
invading the whole left ventricular cavity, mimicking a
hypoplastic left heart syndrome. This patient had been
kept on prostaglandin E1 since birth for 38 days, until a
suitable heart donor became available. Orthotopic heart
rgery
CPB
(min)
ACC
(min)
Minimal
temperature
(°C)
Ventilation
(h)
ICU
(d)
Hospital
(d)
Follow-up
(mo)
ion 68 49 25 5 1 11 Alive (190)
100 80 25 144 31 33 Dead (38)
ion 
plasty
39 15 19 10 1 8 Alive (86)
ion 
plasty
110 19 18 3 12 Alive (80)
ion 32 - 32 8 1 6 Alive (76)
ion - - - 8 1 12 Alive (45)
ion 60 34 26 19 1 8 Alive (36)
ion 63 - 32 6 1 8 Alive (3)
y bypass; C/T, cardiothoracic; 2D-echo, 2-dimensional echocardiography;
care unit; LA, left atrium; LV, left ventricle; M, male; PSVT, paroxysmal
entricular outflow tract; SR, sinus rhythm.Su
Excis
HTX
Excis
RA
Excis
RV
Excis
Excis
Excis
Excis
onar
sivetransplantation was successfully performed after the
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DShumway technique, with no complications. The donor
was a 3-month-old baby weighing 7 kg. Histologic and
immunohistochemical examination revealed a non-en-
capsulated proliferation of fibroblasts embedded within a
network of collagen and elastic fibers that dissociated and
entrapped few myocytes.
A sessile vascular hamartoma (hemangioma) occupy-
Figure 1. A 5-day-old newborn (patient 3) with parox
cardiac mass. A, Postnatal preoperative 2-dimensional
dyshomogeneous mass within the right atrial cavity
atriotomy, a sessile reddish mass (322826 mm) was
detached from the fossa ovalis. C, Cross-section of the r
vascular spaces filled with blood. D, Corresponding p
TABLE 2. Gross and histopathologic findings
Patient no. Tumor histotype Location of tum
1 Myxoma LA
2 Fibroma LV free wall
3 Vascular
hamartoma
RA
4 Fibroma RV free wall
5 Rhabdomyoma RVOT
6 Teratoma Extracardiac, asce
aorta
7 Myxoma LA
8 Rhabdomyoma RVOT
LA, Left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle; RVOing the whole right atrial cavity was detached from the
1360 The Journal of Thoracic and Cardiovascular Surgery ● Junfossa ovalis in 1 patient (patient 3, Figure 1). The re-
sected mass consisted of dilated vascular channels (cav-
ernous-capillary type) lined by endothelial cells and filled
with blood; calcific deposits and areas of hemorrhage
were also visible.
A rhabdomyoma, implanted on the RV free wall, im-
pinging the outflow tract and leaning on the pulmonary
l supraventricular tachycardia and fetal diagnosis of
cardiography, subcostal 4-chamber view: Note a round
Surgical view of the mass: Through standard right
tified, occupying the whole atrial cavity. It was easily
ted mass (322826 mm in size) showing the multiple
mic histologic view (trichrome Azan 3).
Growth Size (mm) Weight (g)
Endocavitary 405030 25
Intramural 503530 70
Endocavitary 322826 11
Intramural 605040 81
Endocavitary 1088 0.4
Extracardiac 252015 5.3
Endocavitary 352025 9.4
Endocavitary 12105 0.4
ht ventricular outflow tract.ysma
echo
. B,
iden
esec
anoraor
ndingvalve cusps, was gently detached and repaired in 2 patients
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D(patients 5 and 8). At histologic examination, the typical
findings of spider cells (showing myofibrils with character-
istic cross-striations) were found. Immunohistochemistry
results were positive for myoglobin, desmin, and
muscle-actin.
In 1 case (patient 6, Figure 2), there was a pedunculated
extracardiac teratoma, originating from the ascending aorta,
with arterial supply originating from the aortic vasa vaso-
rum. Histology revealed a typical teratoma with multicystic
appearance and evidence of endodermal-, ectodermal-, and
mesodermal-derived cells.
All patients were discharged in excellent hemodynamic
condition and sinus rhythm after a mean stay of 12.2 days.
Predischarge 2-dimensional echocardiography showed good
left ventricular function (mean left ventricle ejection frac-
tion: 72%) and no residual masses in all patients.
At a mean follow-up of 69.2 months (3-190 months),
patient 2 died of cerebral astrocytoma 38 months after heart
transplantation, whereas all the remaining patients are alive
and in good clinical condition with no cardiac-related ther-
apy. Patients 1 and 5 are receiving oral therapy for epilepsy
and tuberous sclerosis, respectively. Electrocardiogram
shows that sinus rhythm and Holter monitoring are within
Figure 2. A 12-day-old child (patient 6) with peric
echocardiography, subcostal 4-chamber view: Note the
B, Surgical view of the extracardiac mass: After per
(252015 mm) was isolated. It originated from the as
vasa vasorum. C, Cross-section of the resected mass
Corresponding panoramic histologic view (trichrome Anormal limits in all patients. Two-dimensional echocardi-
The Journal of Thoracicography detects good ventricular function (ejection fraction:
75%; shortening fraction: 43.5%); no residual valve regur-
gitation or recurrent cardiac masses are found.
Discussion
Primary cardiac tumors in the pediatric age group are
rare.1-4 Only a few medical centers can rely on a broad
experience with primary cardiac tumors in infancy, and
limited surgical series have been described.2,8,9
Despite the relatively high frequency in our series, car-
diac myxoma in infancy is usually rare compared with the
adult population.4,7 Clinical manifestation includes symp-
toms and signs of tumor embolism, cavity or valve obstruc-
tion, and constitutional symptoms.6,7 Because of the rapid
growth of tumor mass in small-sized cavities, congestive
heart failure has been frequently reported in childhood and
surgical treatment is lifesaving.
Cardiac fibroma is the second most common tumor of
childhood in autopsy series after rhabdomyoma, but it
ranks first in surgical series.3,4 The tumors are usually
single masses and most often arise in the left ventricular
free wall, whereas RV free-wall and atrial involvement
are rare.6,12 The spectrum of clinical presentation is wide,
l effusion. A, Postnatal preoperative 2-dimensional
ic dyshomogeneous mass at the base of great vessels.
iotomy, a pedunculated extracardiac roundish mass
ing aorta, and its arterial supply arose from the aortic
2015 mm) revealing the multicystic appearance. D,
3).ardia
cyst
icard
cend
(25
zanincluding congestive heart failure, heart murmurs, and
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Dsudden death.7 Both of our patients presented with con-
gestive heart failure caused by the large size of the tumor.
Spontaneous regression of fibromas has never been de-
scribed,6 and surgery is usually required. Midterm excel-
lent results after partial resection of fibromas, with 100%
freedom from recurrence of tumoral mass, have been
reported.13 Bidirectional cavopulmonary connection has
been associated with subtotal resection of RV fibroma to
unload the RV.14 In the setting of huge, unresectable
mass, infiltrating cardiac walls transplantation may be the
only therapeutic option.15
Rhabdomyoma is the most common intracardiac tumor
diagnosed in infancy.2,6-8 The tumors are usually multiple,
most often involving the ventricular myocardium but some-
times projecting into the cavity or freely moving as a pedun-
culated mass.6 Ventricular inflow or outflow tracts obstruction,
arrhythmia, atrioventricular block, pericardial effusion, and
even sudden death have been reported as clinical presenta-
tion.7,16 Potential spontaneous regression,2,4,7,8 which justifies
eventual subtotal resection or even a nonsurgical approach, and
the close association with tuberous sclerosis7,8,17 are described.
However, the presence of severe ventricular outflow tract ob-
struction, as in our cases, may require emergency surgical
treatment to avoid hemodynamic impairment.9-11
Vascular hamartomas (or hemangiomas) are rare benign
neoplasms.18 They have been described at all ages; they
may present with arrhythmias, pericardial effusion, conges-
tive heart failure, extracardiac obstruction, and coronary
insufficiency.19 In symptomatic patients, surgery is usually
a highly effective and safe therapy.
Intrapericardial teratomas are rare primary cardiac tu-
mors that typically arise within the pericardium from a
pedicle at the base of the great vessels.3,6,7 Although benign,
they may vary in size, often enlarging up to 15 cm.20
Virtually all intrapericardial teratomas are associated with
pericardial effusion,21,22 which can cause signs and symp-
toms of heart compression.7 Complete surgical excision of
these tumors is usually curative, without the need for car-
diopulmonary bypass.20,22
In our limited but heterogenous experience with car-
diac tumors in infancy, surgical resection of cardiac
tumor has proved to be safe and technically feasible, even
in early infancy; surgery usually has been definitive, and
reoperation has not been required. The only limitation to
a conservative surgical approach has been the extensive
invasion by the tumor mass of the myocardium, a con-
dition in which transplantation may remain the only
therapeutic chance.
Experience with fetal recognition of cardiac tumors has
been gained,6 and the incidence of cardiac tumor at prenatal
diagnosis has been estimated to be 0.14%.23 Prenatal diag-
nosis of cardiac tumors was feasible in 38% of cases in our
series. Thus, primary cardiac tumors are now amenable to
1362 The Journal of Thoracic and Cardiovascular Surgery ● Juneffective surgery even in the first days of life, resulting in
the early restoration of the normal cardiac physiology and
prevention of life-threatening complications.
According to our experience, 2-dimensional echocardi-
ography remains a highly reliable imaging diagnostic tool,
and all other diagnostic imaging techniques remain comple-
mentary.16,24 However, precise information on the tumor
histotype is not attainable by echocardiography. A correct
therapeutic plan requires an accurate histopathologic diag-
nosis of the resected mass to rule out the rare case of a
malignancy. Preoperative or intraoperative surgical pathol-
ogy diagnosis on frozen sections may be useful in some
instances, as in 2 of our cases, to determine the feasibility
and extent of surgical resection.
Despite the severity of presenting symptoms of some
tumors in the neonatal period, midterm follow-up results are
strongly encouraging. Thus, we advocate surgical treatment
of symptomatic cardiac tumors in childhood, because al-
though they are mostly benign, they frequently present a
“malignant” hemodynamic behavior.
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